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DETAILED ACTION 



Priority 

1. Receipt is acknowledged of papers submitted under 35 U.S.C. 119(a)-(d), which 
papers have been placed of record in the file. 

Information Disclosure Statement 

2. The information disclosure statement (IDS) filed with the application has been 
received and considered. While not presented on the customary form 1449, the IDS 
does meet the requirements of MPEP paragraph 609 (i.e., a document listing is 
provided on a separate sheet, and the specification discusses the relevance of each 
foreign language document). An initialed copy is provided herewith. 



Drawings 

3. The corrected or substitute drawing (figure 24) was received on July 13, 1999. 
These corrected drawings are acceptable. 



4. Figures 1-6 should be designated by a legend such as --Prior Art- because only 
that which is old is illustrated. See MPEP § 608.02(g). These figures are discussed in 
relation to the prior art in the "background" section of the specification, at pages 1-6. 
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Claim Rejections - 35 USC §112 

5. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

6. Claims 14 and 25 are rejected under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. Claim 14 lacks an antecedent basis in claim 8 for 
"said correction of brightness values". Claim 14 will be assumed to depend from claim 

1 1 , which does recite a correction of brightness values. Claim 25 lacks an antecedent 
basis in claim 22 for "said alignment means". Claim 25 will be assumed to depend from 
claim 24 which does recite an alignment means. 

Claim Rejections - 35 USC § 102 

7. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

(e) the invention was described in a patent granted on an application for patent by another filed in the 
United States before the invention thereof by the applicant for patent, or on an international application 
by another who has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this 
title before the invention thereof by the applicant for patent. 

8. Claims 15, 16, 18 and 20 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Wihl (US 4,633,504). 

Regarding claim 15, Wihl discloses an apparatus for inspecting defects of 
patterns (figure 2), comprising: 
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image pick-up means (figure 2, numerals 42-50 are the components of the image 
pick-up means) picking up first and second images of patterns on a substrate that 
naturally have the same shape ("two die images" at column 4, line 57, on substrate 12; 
these dies, which have "small features [patterns] that must be inspected" at column 3, 
line 67, are designed to have the same shape and thus are compared with each other to 
detect differences, which are defects as described below); 

means for storing the first and second images (figure 2, numerals 54 and 56; 
specifically, both numerals 54 and 56 have a receiver 110 and a buffer 112 which 
initially stores the image data as depicted in detail at figure 4); 

brightness conversion means for converting the brightness of any one of the first 
and second stored images (figure 4, elements 1 14-131 are a brightness conversion 
means; these elements are a "filter that produces a corrected pixel of output as the 
weighted sum of each pixel of input and its nearest 48 neighbors" at column 2, line 52; 
thus, the brightness of each pixel is converted to a "corrected" value; both images are 
corrected by numerals 54 and 56 in figure 2, respectively); 

defect detection means comparing the first and second images (figure 2, numeral 
64) at least any one of which is converted in brightness (both are converted, or 
"corrected" in brightness) thereby detecting defects of the patterns ("[t]he data stored in 
the respective memories is subsequently compared by a defect analyzer 64 to provide 
defect detection signals" at column 4, line 53); and 

output means for producing information of the defects ("output for storage" at 
column 4, line 65). 
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Regarding claim 16, the brightness conversion means locally converts the 
gradation of the images (a "7X7 array" is converted at one time at column 5, line 16 and 
44). 

Regarding claim 18, the image pick-up means is optical ("optically inspecting" at 
column 3, line 66). 

Regarding claim 20, an output means displays on a screen the information of 
brightness of the images ("visual display of the inspected die" at column 4, line 67; both 
dies are inspected, and the operator can view either; a visual display of the actual die is 
a display of the brightness information of that die). 

9. Claims 1, 4, 8-14 and 22-26 are rejected under 35 U.S.C. 102(e) as being 
anticipated by Lee et al. (US 5,808,735). 

Regarding claims 1 and 8, Lee discloses a method and corresponding apparatus 
(figure 1) comprising performing the steps of: 

comparing a first image produced by picking up a first pattern formed on a 
substrate and a second image produced by picking up a second pattern formed on the 
same substrate (images are picked-up from a "semiconductor substrate" having circuit 
patterns at column 3, line 30, using the optical system of figure 1 ; the first image is a 
"reference image" and the second a "test image" at column 4, lines 18-19; "The 
reference image may be a previously stored data-base image of a corresponding 
known-good area of the same or a similar die on the same ... wafer, or it may be a 
specific image taken from ... an adjacent die" at column 2, line 35, and thus both 
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patterns are on the same substrate; the image are compared; see "the intensity values 
... of corresponding test and reference images are compared pixel-by-pixel" at column 
6, line 43), the second pattern having naturally the same shape as the first pattern 
("Images of defect-free areas of the test surface should be very similar to images of 
corresponding areas of the reference surface" at column 6, line 13; thus, the two have 
naturally the same shape), thereby extracting proposed defects ("potential defects" at 
column 7, line 35), and obtaining information of the certainty of the extracted proposed 
defects ("how far each potential defect is from the [test] image center" at column 7, line 
59 is information regarding the certainty of the potential defect; this is because "Defects 
are more likely to occur in the center" at column 7, line 51, and a "radius is defined 
within which the defect is almost certain to reside" at column 7, line 45; following this, 
the distance of the defect is then subtracted from the radius to obtained the distance of 
the defect from the center of the test image at column 7, line 58, and the "difference 
values" are "multiplied by a weighting factor" which "favors potential defects that occur 
near the center of the test image" at column 7, lines 60-64; thus, the certainty of a 
defect is related to the location of the defect from the center; and the location of the 
defect is based on the comparison step); 

detecting a true defect from the extracted proposed defects (first, the system 
"selects the potential defect having the greatest base area" at column 8, line 48, and 
then "classifies a defect by comparing the defect's defect-parameter vector" with stored 
vectors at column 9, line 15, and then "identifies the type of defect" at column 9, line 
19); and 
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producing information of the detected true defect ("identifies the type of defect" at 
column 9, line 19; also, the system "estimates the degree of confidence in the 
classification based on the precision of the defect-parameter vector match" at column 9, 
line 20 which is also information of the defect). 

Regarding claim 9, the certainty information (i.e., "how far each potential defect is 
from the [test] image center" at column 7, line 59) of the defects is formed of a degree of 
inconsistency between the first and second images resulting from the comparison (after 
comparing at column 6, line 44, the "defect array D" is filtered at column 6, line 57 and 
"clustered" at column 7, line 24; then, the certainty information is calculated from the 
filtered and clustered defects at column 7, lines 50-64 as described above) and a 
reliability of the degree of inconsistency (the "radius" at column 7, line 54, which is used 
to determine the certainty information [i.e., "how far each potential defect is from the 
[test] image center" at column 7, line 59], depends on "the position accuracy of the 
translation stage 70" at column 7, line 53, and this accuracy is an indication of the 
reliability of comparison [the higher the accuracy of the stage, the more reliable the 
comparison]; thus, the certainty information, which is calculated based on the radius, 
indirectly depends on the reliability of the comparison). 

Regarding claims 10 and 23, the certainty information (i.e., "how far each 
potential defect is from the [test] image center 1 ' at column 7, line 59) is based on the 
brightness of each of the first and second images (i.e., the certainty information is based 
on the location of the defect, and the location of the defect is based on the comparison 
of pixel values of the first and second images at column 6, line 44, and the pixel values 
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indicate the brightness of the image; see "intensity differences between corresponding 
test and reference pixels" at column 5, line 56). 

Regarding claim 1 1, the detecting step includes storing the images (the images 
are processed by, and thus stored in the workstation of figure 1, numeral 30), aligning 
the images ("the test and reference images are aligned" at column 6, line 21), correcting 
the brightness values of the aligned images ("normalized for intensity" at column 6, line 
42; as described at column 6, lines 30-33, the intensity values of the images are made 
to correspond more closely with one-another, or corrected with respect to one-another, 
based on a histogram of differences), and a step of comparing the corrected brightness 
values to detect defects ("Once the test and reference images are aligned in dimensions 
and normalized for intensity, the intensity values ... of corresponding test and reference 
images are compared pixel-by-pixel" at column 6, line 41). 

Regarding claims 12 and 25, the alignment is performed for each pixel (the entire 
images are aligned as described immediately above; given that the images are made up 
of pixels [i.e., a "single x-y location corresponding to both" the test and reference 
images at column 5, line 36], then each of the pixels are aligned; a single pixel meets 
the claimed requirements for a "small division" as claimed in claim 25). 

Regarding claims 14 and 26, the correction of brightness (brightness is an image 
gradation) values is performed for each local area, or part (the intensity values of each 
pixel are corrected in order that the images correspond in brightness to one-another; 
see "offsetting the intensity values of each reference pixel" at column 6, line 32; a pixel 
is a local area, or part of an image as claimed). 
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Regarding claims 4 and 13, the substrate is a semiconductor wafer ("wafer" at 
column 1 , line 51) covered with a flat, optically transparent film (a semiconductor wafer 
is covered by many layers of film, which are "separately analyzed" at column 3,line 35; 
see "different layers of a given surface are typically of different types of materials ... 
[which] may be layers of pure silicon, silicon dioxide, metals, or photoresist" at column 
4, lines 10-14; the "photoresist" meets this limitation as photoresist is a uniform, or flat, 
transparent film that covers the wafer). 

Regarding claim 22, Lee discloses an apparatus comprising means for 
performing the image pick-up, proposed-defect extracting, defect detecting and output 
functions as described in the rejection of claim 8 above (the details of which will not be 
repeated here). Further regarding claim 22, Lee discloses a table means (figure 1 , 
numeral 70) on which the substrate is placed (figure 1 , numeral 80) and can be moved 
in an x-y plane ("x-y-z translation stage" at column 4, line 23) and where the pick-up 
means picks up the patterns placed on the table which is continuously moved (images 
of specific "x-y" scans [column 4, line 65] are picked up for "a number of locations along 
the z axis" at column 4, line 66; the z axis is controlled by the "x-y-z translation stage" at 
column 4, line 23). 

Regarding claim 24, the Lee system further comprises means for storing the 
pattern images (the images are processed by, and thus stored in the workstation of 
figure 1, numeral 30), means for aligning the images ("the test and reference images 
are aligned" at column 6, line 21; again, the process is performed by a software means 
in the computer), and means for correcting the gradations of the aligned images 
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("normalized for intensity" at column 6, line 42; as described at column 6, lines 30-33, 
the intensity values of the images are made to correspond more closely with one- 
another, and are corrected with respect to each other, based on a histogram of 
differences; intensity values, or pixel values are gradations of the images), and where 
the proposed defects and certainty estimates are extracted from the gradation corrected 
images ("Once the test and reference images are aligned in dimensions and normalized 
for intensity, the intensity values ... of corresponding test and reference images are 
compared pixel-by-pixel" at column 6, line 41 from which the "potential defects" at 
column 7, line 35 and certainty at column 7, line 58 [i.e., the distance as described 
above] are extracted). 



10. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 



unpatentable over Lebeau (US 5,204,910) in view of Kobayashi et al. (US 4,669,123). 
Regarding claims 1, 7, 15, 27 and 28, Lebeau discloses a method comprising: 
picking up and storing images of first and second patterns formed on a substrate, 
where the second pattern has naturally the same shape as the first ("two images" at 
column 3, line 55 are stored in "computer memory" at line 36; a first image is an "image 



Claim Rejections - 35 USC § 103 



11. Claim 1,3,5,7, 15; 



^21> and 27-29 are rejected under 35 U.S.C. 103(a) as being 
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of a defect free workpiece which is used as a standard of comparison for inspection" at 
column 2, line 50 and a second image is a "run image ... of a workpiece being 
inspected" at column 2, line 52; regarding the claimed substrate, the image are of 
patterns formed on a "semiconductor wafer" at column 3, line 11; regarding the second 
pattern as having naturally the same shape as the first, the second and first patterns 
being compared for inspection have the same natural shape except in areas where a 
defect occurs - which is unnatural); 

correcting at least one of the images to match the brightness of the other (the 
graylevels of the "[r]un image ... are then mapped based on a comparison of the mean 
brightness of the taught image to that of the run image" so "the mean brightness level ... 
is the same as the mean value of taught image" at column 5, lines 50-54); and 

comparing the images matched in brightness to detect a defect ("compared by 
algebraically subtracting the respective graylevel values at each pixel location" at 
column 6, line 56; "bright defects" and "dark defects" are detected at column 7, line 24). 

Regarding claim 3, Lebeau teaches local gradation conversion (this limitation is 
met in either of two ways: first, see "decreasing values of graylevels" at column 6, line 
25; the graylevel of each, individual pixel is converted and thus the conversion is local - 
to the pixel; second, the conversion process begins with a step of registration, where 
local areas corresponding to bright and dark spots are dilated and eroded as depicted in 
figures 2-5; and this dilation and erosion is a local process). 

Regarding claims 5 and 29, the images are picked-up optically ("video camera" at 
column 3, line 50). 
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Regarding claims 15 and 27 specifically, the limitations recited therein are met by 
Lebeau as described in the claim 1 rejection above. Lebeau discloses an "apparatus" 
for performing the disclosed method ("computer" at column 3, line 36 and "digital 
hardware" at line 46) and an output means producing defect information ("recording 
locations of bright defects 56 and dark defects 54 for later analysis" at column 7, line 
24). Regarding claim 27, Lebeau compares the first and second images to detect 
defects ("compared" at column 6, line 56) and then estimates information of the 
detected defects (a "bright threshold" and a "dark threshold" are set for extracting bright 
and dark peaks extending beyond them as seen in figure 11, and described at column 
7, line 1; these thresholds are "determined experimentally" as described at column 7, 
line 5, and are thus estimated). 

Regarding claim 21, Lebeau discloses means for correcting a positional shift 
between the images ("registered" and "rotation and spatial position" at column 3, line 60; 
registration of spatial position involves the positional shifting of the images with respect 
to each other) with pixel unit accuracy ("It is impractical to register two images to the 
accuracy of less than a single pixel" at column 3, line 61; thus, the images are 
registered to an accuracy of a single pixel), and the brightness conversion means 
converts the brightness of the shifted image (first, the images are "registered" at column 
3, lines 57+ and then the brightness is corrected at column 5, lines 20+). 

Regarding each of the above claims, while Lebeau discloses the comparison of 
images of patterns in two images (i.e., the defect free taught image and the run image), 
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Lebeau does not teach the image of the second pattern being formed on the same 
substrate as the first. 

Kobayashi discloses a system in the same field of semiconductor defect 
inspection ("inspecting method and apparatus" and "semiconductor device" at column 1, 
line 7), wherein Kobayashi teaches comparing images of first and second patterns 
picked-up from the same substrate ("pattern comparing method one unit pattern is 
compared with another unit pattern having the same shape and size" at column 1 , line 
23). Kobayashi describes how the traditional "database comparing method requires a 
lot of inspecting time and covers a lot of design data" (column 1 , line 27) and that "the 
pattern comparing method is preferable to the database comparing method for 
inspection of complex photomask patterns" (column 1, line 29). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to modify the Lebeau system by picking up both the taught and run 
images from the same substrate as taught by Kobayashi, thus realizing the benefits of 
the pattern comparing method taught by Kobayashi including the reduction of inspection 
time when inspecting the complex patterns of a semiconductor device, and eliminating 
the need to process and store a reference for comparison (as the normally identical 
semiconductor devices on a wafer are compared with each other). 

Regarding claims 7 and 27 specifically, while Lebeau teaches "recording 
locations of bright defects 56 and dark defects 54 for later analysis" at column 7, line 24, 
Lebeau does not specifically teach displaying the detected defects and the information 
of features of the detected defects on a screen. 
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Kobayashi teaches displaying the detected defects and information of features of 
the detected defects on a screen ("human inspector can check the inspection results by 
observing the stored data in the stage coordinate memory 300 on the inspection output 
device 400 such as a cathode-ray tube" at column 4, line 12; the features include "the 
stage position at which there is a defect" at line 5; thus, given that each defect detected 
is output to the operator on a CRT, the defects are displayed; that the claim does not 
require any particular form of visual display, only that the defects are displayed; also, 
given that the coordinates of where the defect exists are displayed, information about 
the defects is displayed). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to display the detected defects and information of detected defect features 
on a screen in the Lebeau method, as taught by Kobayashi, in order to allow a human 
operator to immediately and visually review and analyze the results of inspection and 
thus take immediate action, or make decisions regarding the inspected semiconductor 
under inspection. 

12. Claims 6, 19 and 30 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Lebeau (US 5,204,910) and Kobayashi et al. (US 4,669,123) as applied to claims 
1,15 and 27 above, and further in view of Wagner et al. (US 5,659,172). 

Regarding claims 6, 19 and 30, Lebeau does not disclose picking up the first and 
second images using an electron beam. 
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Wagner discloses a system in the same field of endeavor of semiconductor wafer 
inspection ("detection of defects on semiconductor wafers" at column 1, line 11), 
comprising picking up images to be inspected using an electron beam (figure 1, numeral 
32; see "SEM 22 electron beam 32" at column 4, line 64; "images of an area of the 
semiconductor wafer which is to be inspected" at column 3, line 2). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to utilize an electron beam scanner as taught by Wagner, as the image 
pick-up source of the Lebeau system, in order to detect defects the size of which "falls 
below the resolution of conventional light optics" (Wagner, column 1, line 43) because of 
the scanning microscope's ability to resolve "features more that an order of magnitude 
smaller than the wavelength of visible light" (Wagner, column 1, line 51), thereby 
improving defect detection sensitivity and thus accuracy. 

13. Claims 2 and 17 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Lebeau (US 5,204,910) and Kobayashi et al. (US 4,669,123) as applied to claims 1 and 
15 above, and further in view of Haskell et al. (US 6,111,596) . 

Lebeau discloses an adjustment of the two images "so that their overall 
brightness is the same" as described at column 5, line 20. While Lebeau describes one 
embodiment that compares "the mean brightness level of the two images" at column 5, 
line 25, Lebeau does not teach a linear conversion of the gain and offset so that the 
brightness of the images can be made equal. Lebeau states that "[ojther embodiments 
use techniques such as ... video amplifier gain ... to match the brightness of the 
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representations of the images" at column 5, line 25. Lebeau is not limited to any one 
method. 

Haskell discloses an image process system in the same field of endeavor of 
adjusting the two images so that their overall brightness is the same ("mismatch in 
brightness and/or color balance between the two views of a scene due to differences in 
imaging parameters is rectified" at column 4, line 15), comprising matching the 
brightness of two images by means of a linear conversion of gain and offset ("gain and 
offset differences not only for luminance but also for chrominance are corrected" at 
column 4, line 13; specifically, see "Method 1" at column 6, line 20; "gain and offset 
values that must be applied to the right-view image to correct for mismatch can be 
obtained by solving two simultaneous equations" at column 6, line 34; the equation for 
gain, "a", is at column 6, line 47 and offset, "b" at line 43; the equations are linear [i.e., 
not exponential] and thus the correction is linear). The technique of method 1 is best 
applied to "images having histograms with at least two uniquely identifiable points with 
... 'very dark 1 and 'very bright' contents" as described at column 6, line 21, and this is 
exactly the situation with Lebeau (see figures 7-9). 

It would have been obvious at the time the invention was made to one of ordinary 
skill in the art to match the brightness of the Lebeau images by using a linear 
conversion of gain and offset as taught by Haskell, in order to more accurately correct 
for image brightness difference by factoring in both gain and offset, as opposed to just a 
simple histogram shift as is currently disclosed by Lebeau (see figures 8 and 9 which 
depict a simple histogram shift), and to provide the additional benefit of correcting a 
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chrominance mismatch (in addition to the luminance, or brightness) thereby providing 
Lebeau the ability to utilize color images, to more accurately represent the 
semiconductor under inspection. 



14. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Shafer et al. (US 6,133,576) is pertinent as teaching that 
"[p]hotoresist is a material that is transparent to visible light" at column 10, line 24). 
Worster et al. (US 5,963,314) is pertinent as being incorporated by reference into the 
Lee et al. reference (US 5,808,735, column 5, line 40), and describing how the stage of 
the confocal microscope is continuously moved during the image pick-up (column 11, 
lines 25 and 50, and column 12, line 32). 

1 5. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Brian P. Werner whose telephone number is 703-306- 
3037. The examiner can normally be reached on M-F, 8:00 - 4:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Leo H. Boudreau can be reached on 703-305-4706. The fax phone 
numbers for the organization where this application or proceeding is assigned are 703- 
872-9314 for regular communications and 703-872-9314 for After Final 
communications. 



Conclusion 
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Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 703-305- 
4750. 




Brian Werner 
Patent Examiner 
October 4, 2001 



